Introduction
============

As a result of a high risk of recurrence,[@b1-rru-10-151],[@b2-rru-10-151] patients with non-muscle-invasive bladder cancer (NMIBC) require long-term follow-up, including regular cystoscopy starting at 3 months after tumor resection.[@b1-rru-10-151] Patients are usually followed up as outpatients, potentially with fulguration or laser removal of small lesions,[@b3-rru-10-151] but they may require referral to the operating room for resection of larger recurrences. This procedure is performed under general anesthesia and requires patients to be hospitalized, which has resource and cost implications.[@b4-rru-10-151] As a result, bladder cancer is one of the most expensive of all tumors to manage over the long-term.[@b5-rru-10-151] Hospitalization and repeated follow-up also place a heavy burden on patients, many of whom report impaired quality of life.[@b6-rru-10-151],[@b7-rru-10-151] The ability to identify recurrences while they are still small and can be managed in the outpatient department could therefore substantially reduce the burden of NMIBC follow-up.

Blue light cystoscopy as an adjunct to white light cystoscopy gives higher sensitivity for identifying bladder cancer, including early small lesions, than white light cystoscopy alone.[@b1-rru-10-151],[@b8-rru-10-151] With this approach, a photosensitizing compound (hexaminolevulinate; Hexvix; Photocure ASA, Oslo, Nor-way) is instilled into the bladder before cystoscopy. This compound is a heme precursor, which preferentially accumulates in tumor cells and fluoresces under blue light, making tumors readily distinguishable from normal mucosa. The sensitivity of hexaminolevulinate-guided blue light cystoscopy with a rigid cystoscope in the operating room has been demonstrated in an extensive program of clinical trials involving more than 1,800 patients. A meta-analysis of patient-level data from clinical trials of hexaminolevulinate showed a significant improvement in the detection of Ta tumors and carcinoma in situ (CIS) compared with white light cystoscopy.[@b9-rru-10-151] The improved detection of tumors remained apparent regardless of whether the tumors were primary or recurrent and whether patients had low, intermediate, or high risk of recurrence. The risk of recurrence is reduced after blue light cystoscopy compared with white light cystoscopy (relative risk 0.761).[@b9-rru-10-151] Blue light cystoscopy is therefore recommended as an adjunct to white light cystoscopy in the latest European Association of Urology guidelines[@b1-rru-10-151] and by experts in Europe,[@b10-rru-10-151] the USA,[@b11-rru-10-151] and the Nordic region.[@b12-rru-10-151] The European expert panel noted that hexaminolevulinate-guided blue light cystoscopy allowed the identification of previously missed or recurrent tumors at follow-up, especially in high-risk patients.[@b10-rru-10-151]

There has been interest in use of blue light cystoscopy with a flexible scope for many years. In early reports, the technique appeared to be at least comparable to white light flexible cystoscopy and slightly inferior to rigid blue light cystoscopy in terms of NMIBC detection rates.[@b13-rru-10-151]--[@b17-rru-10-151] However, not all of those studies were in outpatient settings, and they did not use the latest equipment. For example, the first two publications, both from 2005,[@b13-rru-10-151],[@b14-rru-10-151] reported experiences with the patient under general anesthesia in the operating room and using flexible blue light fiberscopes, which have noticeably poorer visualization than currently available videoscopes. In the operating room, rigid equipment provides better suction to remove debris and urine, avoiding green autofluorescence from the urine.[@b18-rru-10-151] Thus, the situation was very different from an outpatient setting with conscious patients.

Given an urgent need to control the cost of bladder cancer management in the current resource-constrained environment, this study was performed to investigate whether use of hexaminolevulinate-guided blue light flexible cystoscopy (BLFC) could enhance outpatient management of patients. The aim of the study was to determine the feasibility of incorporating BLFC into routine outpatient practice, in terms of practical and logistical considerations as well as outcomes such as image and biopsy quality, and the ability to identify recurrent lesions early enough so that they could be fulgurated on site without hospitalization or general anesthesia. This study builds on the single-center experience using the latest technology reported previously by Hermann et al.[@b3-rru-10-151],[@b4-rru-10-151]

Materials and methods
=====================

Patients
--------

Patients could be included if they had a history of bladder cancer and were attending an outpatient clinic for routine cystoscopic examination. Patients were recruited from two centers in Sweden (Uppsala University Hospital, Uppsala, and Skåne University Hospital, Malmö) and one center in Norway (Vestre Viken, Bærum). All procedures in the study were explained to the patients by their physician, and, before the examination, patients provided written informed consent to receive hexaminolevulinate and undergo BLFC. As this study was intended to assess the practical feasibility of changes in service delivery, and all patients were managed according to accepted clinical practice, protocol registration and ethics committee approval were not required, however patient consent was obtained for both the study and the procedure.

BLFC
----

Cystoscopy was undertaken by a physician trained in standard flexible cystoscopy, who performed the procedure and any biopsies or fulguration with the support of an outpatient department nurse. All staff taking part in the study at the different centers was trained in BLFC performance by a urologist with extensive experience, Gregers G Hermann, before patients were enrolled, to ensure consistency across all participating centers.

One hour before cystoscopy was scheduled, a nurse instilled 50 mL of hexaminolevulinate solution into the patient's bladder using a LoFric catheter CH 12 (Astra Tech AB, Mölndal, Sweden). The patient then left the instillation room and could wait without supervision, for example, in a waiting area or cafeteria, or could go for a walk before cystoscopy.

For the outpatient flexible cystoscopy procedure, a prototype high-definition video cystoscope with white and blue light sources (Telecam; Karl Storz, Tuttlingen, Germany) was used to examine the bladder. The bladder was washed before and during cystoscopy with saline or sterile water through the suction canal to remove urine, which gives green autofluorescence when illuminated with blue light, impairing visualization of the bladder.[@b18-rru-10-151] The bladder was first inspected using high-definition white light flexible cystoscopy, and the number and location of tumors and suspicious areas were noted. After white light flexible cystoscopy was completed, the bladder was re-examined using BLFC, and all fluorescing lesions were documented.

Biopsies and fulguration
------------------------

Biopsies were taken from suspicious lesions seen under either white light or blue light, with bladder cancer confirmed histologically. All biopsies were obtained through the flexible cystoscope with bendable single-use biopsy forceps (110274-01, Karl Storz) with a working length of 1,200 mm and a diameter of 5 Fr. Small tumors (eg, \<1 cm) and suspicious lesions were fulgurated with patient consent using a 4 Fr Bugbee electrode placed through a 5 Fr working port in the flexible cystoscope, using a diathermy generator at 8--20 W.

Data collection and analysis
----------------------------

Prospectively collected baseline data included patient information, bladder cancer stage and grade at original diagnosis, estimated risk of recurrence, time since diagnosis of bladder cancer, number of previous cystoscopies, number of previous transurethral resections of the bladder (TURBs), and previous use of intravesical therapy. Observations collected during the study included best practice workflow and the logistics of performing BLFC, the overall ease of use of BLFC, the quality of images and biopsies obtained during cystoscopy, the ability to fulgurate lesions detected during cystoscopy, and the investigators' experiences with the BLFC technology. Logistical parameters included the time taken to prepare and instill hexaminolevulinate solution, patient waiting time between instillation and cystoscopy, and the number of patients who could have BLFC per hour in this study setting. The tolerability of BLFC was assessed in terms of adverse events and the level of patient discomfort during hexaminolevulinate instillation and cystoscopy. These factors were combined to provide an overall assessment of the feasibility of BLFC and biopsy or fulguration in routine outpatient follow-up and management of patients with known NMIBC. As this was a pilot study, no formal statistical significance testing was done.

Results
=======

The study included 69 patients with NMIBC (22 patients at Uppsala, 22 at Malmö, and 25 at Bærum) who had follow-up BLFC between April and September 2013.

Across the patient population, the mean age was 70 years (range 33--89 years), and the mean duration since diagnosis of bladder cancer was 8 years. Most patients had high-grade cancer at their initial diagnosis (52/69) and were at high risk of disease recurrence (48/69). Patients had undergone a mean of 11 previous cystoscopies and a mean of three previous TURBs for NMIBC. The characteristics of the patient populations at each study center are shown in [Table 1](#t1-rru-10-151){ref-type="table"}.

The time required for the preparation and instillation of the hexaminolevulinate solution was around 10 minutes per patient in all three centers ([Table 2](#t2-rru-10-151){ref-type="table"}). Because hexaminolevulinate needs to be retained in the bladder to ensure adequate uptake before cystoscopy, patients participating in this study had an additional waiting time of 45--60 minutes between instillation and examination, compared with the time required for standard follow-up flexible cystoscopy with white light only. Patients did not require physician or nurse supervision during this time. Patients were discharged immediately after BLFC. Improvements in efficiency over time, such as reduced time required for preparation and cystoscopic examination, were observed for physicians and nurses initially new to the equipment, as they became more familiar with the equipment and the procedure. With two cystoscopes available and adequate planning, it was possible to perform BLFC on two patients per hour in this outpatient setting.

The BLFC equipment provided high-quality images. Across the three centers, histologically confirmed bladder tumors were identified in 11 patients with both white light flexible cystoscopy and BLFC, whereas three patients had lesions identified only by BLFC ([Table 3](#t3-rru-10-151){ref-type="table"}). The lesions identified by BLFC only were: two Ta tumors in two patients (both 5 mm diameter) and CIS in one patient, who had prior history of CIS. More and smaller lesions were detected with BLFC than with white light flexible cystoscopy, and tumor margins were more clearly visible under blue light ([Figure 1](#f1-rru-10-151){ref-type="fig"}). The benefit of BLFC was consistently seen across all study centers.

In total, 69 biopsies were taken from 45 patients. With the equipment used for BLFC, it was usually possible to take good-quality biopsies, allowing adequate pathological analysis of the tissue. A known limitation of flexible cystoscopy is the inability to reach some lesions for biopsy because of insufficient bending of the scope; this issue was experienced in one case in this study, where the suspected lesion was situated ventrally. Eleven of the patients in whom lesions were detected could be managed with fulguration, while only three required referral to the operating room for TURB. TURB referral was due to multiple (seven) recurrences in one patient; indication of advanced tumor in one patient; and suspected papilloma \>5 mm plus multiple (\>3) tumors \<5 mm in diameter and suspected CIS in one patient.

No patients reported tolerability issues with the BLFC procedure, and no adverse events attributable to BLFC or hexaminolevulinate instillation were reported. Although cystoscopy, biopsy, and fulguration were performed without general anesthesia, few patients reported discomfort during the procedure. One patient became ill after the biopsy, considered to be a stress reaction. In this case, the procedure was terminated, and the patient recovered rapidly.

Discussion
==========

Across the three centers participating in this study, overall findings were consistent in reporting that routine use of BLFC was feasible in the outpatient setting. BLFC improved the detection of bladder cancer recurrence compared with white light flexible cystoscopy, with recurrent lesions identified in 14 and 11 patients, respectively; thus, three patients were mistakenly defined as tumor free using white light flexible cystoscopy. It may be debated whether further lesions could be detected if the bladder was viewed for a second time under white light -- ie, whether the detection benefit comes from the extra time spent on the second review of the bladder, regardless of whether blue light or white light is used. However, the benefit of hexaminolevulinate-guided blue light cystoscopy over white light cystoscopy has been well established,[@b8-rru-10-151],[@b9-rru-10-151] including in a randomized Phase III clinical trial.[@b8-rru-10-151] This benefit is also seen in the setting of good-quality white light cystoscopy,[@b19-rru-10-151] indicating that the benefit derives from the technology itself and not the time spent viewing the bladder.

Importantly, the equipment used in this study allowed good-quality biopsies to be taken, providing sufficient tissue for pathologic analysis. It was also feasible to identify small lesions with BLFC, which could then be managed by fulguration in the outpatient setting. BLFC could be of value in identifying early recurring lesions that are not always visible under white light, while they can still be managed with fulguration. At the same time, early identification of non-focal CIS or large lesions that could not be managed in the outpatient department allowed patients to be referred promptly for appropriate inpatient management. The BLFC procedure was well tolerated, with no adverse events reported during the study. Some patients experienced minor discomfort during biopsy and fulguration, which, however, did not affect their willingness to undergo the procedure. Several patients spontaneously expressed greater confidence in their tumor-free status when assessed using BLFC compared with white light flexible cystoscopy.

There is a concern that BLFC may not lend itself readily to the outpatient setting because of the time required for photosensitizer instillation, limitations in biopsy ability, and need for rapid cleaning of the equipment. We found that the limiting factors were the number of cystoscopes available and facilities for cleaning equipment. With good planning, the availability of two blue light cystoscopes and standard equipment cleaning facilities allowed two patients per hour to be managed using BLFC. Patients did not need to be supervised between instillation of hexaminolevulinate and cystoscopy, and they were free to leave the department until the cystoscopy was scheduled. Staff was therefore able to carry out other activities in the outpatient department after the instillation process. The BLFC equipment is generally similar to the equipment for white light flexible cystoscopy, and minimal specific training was required for urologists and nurses at the three centers, other than tips on using the equipment and the cystoscopy procedure. There was somewhat of a learning curve for the staff, typically over the first four or five patients, and the value and importance of familiarity with the equipment and procedure were demonstrated by the efficiency gains made over the course of the study. For example, presence of urine during BLFC results in green fluorescence, which obscures visibility. The flexible cystoscope used in the study was equipped with a suction port, allowing the examiner to rinse the bladder during cystoscopy and maintain a clear field of view. Identifying the best method of rinsing the bladder formed a part of the learning curve for the procedure, with BLFC performed more efficiently as the urologists gained experience and improved their technique. Given these efficiency gains, examination of consecutive patients in dedicated BLFC clinic sessions should help to ensure that staff receives sufficient experience with the cystoscopy equipment and procedures to maximize efficiency and maintain optimal use of resources.

The maximum number of biopsies that can be taken is around five, as bleeding then blurs the vision. Potential difficulties in accessing lesions for biopsy can be addressed using different thickness of biopsy forceps, which can overcome issues with bending of the scope in the biopsy procedure.

Although the current study is limited by its nonrandomized design and small sample size, the findings are consistent with the published literature,[@b7-rru-10-151],[@b13-rru-10-151]--[@b17-rru-10-151] and support the US and European expert consensus views[@b9-rru-10-151],[@b11-rru-10-151] that BLFC could have a role in monitoring of bladder cancer recurrence in the outpatient setting. As most recurrences of bladder cancer are reported between 3 and 24 months after initial TURB, BLFC could be used in the early follow-up period to ensure prompt diagnosis of recurrent disease and minimize long-term sequelae of insufficiently managed disease. Various subgroups of patients with bladder cancer could benefit from the use of BLFC during follow-up. For low-risk patients, the long-term burden of disease could be reduced through early detection and outpatient management of any recurrences, eg, using improved laser technology,[@b3-rru-10-151] or through increased intervals between follow-up cystoscopies as a result of confidence in the disease-free status. For intermediate- and high-risk patients, early identification and appropriate management in the outpatient setting or rapid referral to the operating room allow recurrent disease or CIS to be managed effectively, thereby reducing the risk of further recurrence or progression. In elderly patients and those in whom surgery with general anesthesia is unsuitable, BLFC could help to avoid any complications associated with management of the disease in the operating room, without compromising detection of recurrence or follow-up care.

A health economic model has recently been developed to explore the cost consequences of using hexaminolevulinate-guided BLFC in the outpatient follow-up of patients with NMIBC. The model, based on the Swedish health care system, indicates that BLFC would allow more outpatient treatment with improved detection of recurrent tumors, resulting in reduced need for TURB, cystectomies, bed days, and operating room time.[@b20-rru-10-151] BLFC use across all risk groups would have minimal budget impact (+1.6% total cost) over 5 years and would achieve cost savings in intermediate- and high-risk groups from year 2.[@b20-rru-10-151] The actual cost benefit of BLFC in different health care settings needs to be confirmed in real-world studies.

Conclusion
==========

Routine use of BLFC in the outpatient setting is feasible. It seems to improve the detection of bladder cancer recurrence compared with white light flexible cystoscopy. As a result, small tumors can be managed immediately with fulguration, avoiding the need for referral to the operating room for rigid cystoscopy and TURB under general anesthesia. Logistically, little training appears to be required for urologists and nurses, and, once health care professionals become familiar with the procedure, patient flow is smooth. Therefore, BLFC in the outpatient setting offers potential clinical, economic, and patient benefits in the follow-up of patients with NMIBC. A prospective randomized trial is necessary to confirm the impact of this new approach compared with current standards.
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![Cystoscopic appearance of bladder tumors under white light (left) and blue light (right). Images are from a 75-year-old man with a 4-year history of bladder cancer (most serious diagnosis Ta grade 1), who was found to have carcinoma in situ on follow-up flexible cystoscopy that was clearly visible under blue light. Image credit: Reza Zare, MD, Urologist, Head of Urology Department, Bærum Hospital Vestre Viken HF, Oslo, Norway.](rru-10-151Fig1){#f1-rru-10-151}

###### 

Demographics and characteristics of consenting patients enrolled in the study

  Demographics and characteristics                                                        Uppsala   Malmö   Bærum                                          Overall
  --------------------------------------------------------------------------------------- --------- ------- ---------------------------------------------- ----------------------------------------------
  Patients undergoing blue light flexible cystoscopy, n                                   22        22      25                                             69
  Cancer stage at original diagnosis, n                                                                                                                    
   Ta                                                                                     12        7       22[a](#tfn1-rru-10-151){ref-type="table-fn"}   41[a](#tfn1-rru-10-151){ref-type="table-fn"}
   T1                                                                                     8         10      2                                              20
   Carcinoma in situ                                                                      2         2       2[a](#tfn1-rru-10-151){ref-type="table-fn"}    6[a](#tfn1-rru-10-151){ref-type="table-fn"}
   Positive cytology                                                                      0         3       0                                              3
  Cancer grade at original diagnosis (World Health Organization 1973 grading system), n                                                                    
   1                                                                                      6         3       9                                              18
   2                                                                                      6         4       8                                              18
   3                                                                                      10        15      8                                              33
  Risk group for recurrence, n                                                                                                                             
   High                                                                                   16        15      16                                             47
   Intermediate                                                                           2         4       1                                              7
   Low                                                                                    4         3       8                                              15
  Previous intravesical treatment, n                                                                                                                       
   Bacillus Calmette--Guérin                                                              13        14      10                                             37
   Mitomycin C                                                                            5         3       0                                              8
   None                                                                                   4         5       15                                             24
  Mean time since diagnosis of bladder cancer, years                                      12        4       8                                              8
  Mean previous cystoscopies, n                                                           8.9       8.0     14.7                                           10.8
  Mean previous transurethral resections of the bladder, n                                3.4       1.7     3.2                                            2.8

**Note:**

Includes one patient with concomitant Ta and carcinoma in situ.

###### 

Logistics of blue light flexible cystoscopy

  Parameter                                                                             Uppsala   Malmö[a](#tfn2-rru-10-151){ref-type="table-fn"}   Bærum   Total[a](#tfn2-rru-10-151){ref-type="table-fn"}
  ------------------------------------------------------------------------------------- --------- ------------------------------------------------- ------- -------------------------------------------------
  Time required per patient for preparation and instillation of hexaminolevulinate, n                                                                       
   ≤10 minutes                                                                          16        22                                                19      57
   \>10--≤15 minutes                                                                    6         0                                                 5       11
   \>15--≤20 minutes                                                                    0         0                                                 1       1
  Total waiting time per patient between HAL instillation and cystoscopy, minutes       59        55                                                60      59
  Cystoscopy time, n                                                                                                                                        
   ≤5 minutes                                                                           1         6                                                 6       13
   \>5--≤10 minutes                                                                     14        14                                                8       36
   \>10--≤15 minutes                                                                    8         2                                                 11      21
  Patients per hour                                                                     2         2                                                 2       2

**Note:**

Includes one patient who had blue light flexible cystoscopy twice.

**Abbreviation:** HAL, hexaminolevulinate.

###### 

Detection and management of recurrent tumors in the current study

  Parameter                                                            Uppsala   Malmö   Bærum   Total
  ------------------------------------------------------------- ------ --------- ------- ------- -------
  Patients with malignant lesions identified in this study, n                                    
  Any stage                                                     BLFC   5         6       3       14
                                                                WLFC   4         5       2       11
  Ta lesions                                                    BLFC   3         2       2       7
                                                                WLFC   2         2       1       5
  T1 lesions                                                    BLFC   1         2       0       3
                                                                WLFC   1         2       0       3
  Carcinoma in situ                                             BLFC   1         2       1       4
                                                                WLFC   1         1       1       3
  Management of detected lesions, n                                                              
   Fulguration                                                         5         4       2       11
   Referral for TURB                                                   0         2       1       3

**Abbreviations:** BLFC, blue light flexible cystoscopy; TURB, transurethral resection of the bladder; WLFC, white light flexible cystoscopy.
